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I am Sure sh H. M o o l g a v k a r , a phy s i c i an wi th a Ph.D. in mathemat i c s and p o s t - d o c t o r a l
t r a i n i n g in E p i d e m i o l o g y and B i o s t a t i s t i c s .

I am current ly a Full Member of the F r e d H u t c h i n s o n Cancer Research Center and
P r o f e s s o r of E p i d e m i o l o g y and A d j u n c t P r o f e s s o r of B i o s t a t i s t i c s at the U n i v e r s i t y of
W a s h i n g t o n in S e a t t l e . I have served on the f a c u l t i e s of the J o h n s H o p k i n s Univer s i ty ,
I n d i a n a Univer s i ty , the Fox Chase Cancer Center and the U n i v e r s i t y of Pennsylvania. I
have been a v i s i t i n g s c i en t i s t at the Radia t i on E f f e c t s Research F o u n d a t i o n in H i r o s h i m a ,
the I n t e r n a t i o n a l A g e n c y for Research on Cancer in Lyon, and the German Cancer
Research Center in H e i d e l b e r g . I have served on numerous review p a n e l s and as a
consul tant to the N a t i o n a l Cancer I n s t i t u t e , the Environmental Pro t e c t i on Agency , H e a l t h
and W e l f a r e , Canada, The I n t e r n a t i o n a l A g e n c y for Research on Cancer, and the
Chemical I n d u s t r y I n s t i t u t e of T o x i c o l o g y , among others. I am the author or co-author of
more than 130 p a p e r s in the areas of E p i d e m i o l o g y , B i o s t a t i s t i c s , and Quant i ta t iv e Risk
Asses sment, and have edi t ed three books in these areas. I have served on the ed i tor ia l
board o f 'Genet i c E p i d e m i o l o g y ' and am current ly one o f the ed i t or s o f 'Risk A n a l y s i s -
An Internat ional Journal'. I am an e l e c t ed member of the American E p i d e m i o l o g i c a l
S o c i e t y . I was given the Founder s Award by the CUT Centers for H e a l t h Research in
1990 and the Dis t ingui shed Achievement Award by the S o c i e t y for Risk A n a l y s i s in
2001.

I have publ i shed several papers on f iber-induced carcinogenesis within the last h a l f dozen
years.

My curriculum vitae is attached as Exhibit A to this report. The l i s t of p u b l i c a t i o n s I have
authored in the last ten years is in c luded in my curriculum vitae. I have not t e s t i f i e d as an
expert at trial or d e p o s i t i o n in the past f o u r years.



I am being compensa t ed for th i s report at an hour ly rate of S 2 5 0 . Payment is not
c on t ingen t on a s p e c i f i c outcome. I reserve the right to s u p p l e m e n t or revise this report to
r e f l e c t my review of new i n f o r m a t i o n , as a p p r o p r i a t e .

In p r e p a r i n g t h i s r epor t , I have cons idered my k n o w l e d g e as a p h y s i c i a n w i th a Ph.D. in
mathemat i c s and p o s t - d o c t o r a l training in E p i d e m i o l o g y and B i o s t a t i s t i c s as w e l l as the
material l i s t e d in the Reference s sect ion herein and other material p r o v i d e d to me by
H o l m e Roberts & Owen.

I I . Ex e cu t i v e S u m m a r y

I have reviewed the l i t e ra ture on the h e a l t h i m p a c t s of asbes tos exposure in the L i b b y
area. In a d d i t i o n to the o c c u p a t i o n a l cohort s t u d i e s conduc ted by Amandus and
c o l l e a g u e s and by M c D o n a l d and c o l l e a g u e s I have reviewed the s t ud i e s c onduc t ed by
the A g e n c y for T o x i c S u b s t a n c e s and Disease Regis try. I have also reviewed a d r a f t
manuscript by Dr. A l a n W h i t e h o u s e . In my exper t o p i n i o n there is a b s o l u t e l y no ev idence
that the Libby f i b e r s are any more tox ic than other amphibo l e s . In par t i cu lar , for cancer
( l u n g cancer and me s o th e l i oma) a cri t ical examination of o c cupa t i ona l cohort s t ud i e s
s t r ong ly sugge s t s that the Libby f i b e r s are no more t o x i c than those considered in the
EPA IRIS f i l e for asbestos. W h i l e there is no IRIS po t ency number for the non-cancer
end po in t s , p a r t i c u l a r l y non-malignant respiratory disease, there is no evidence to sugges t
that the Libby f i b e r s are any more toxic than other asbestos f i b er s . Most i m p o r t a n t l y all
s tudie s dealt with individuals who had been exposed to asbestos in Libby b e f o r e the
closure of mining operations in 1990. Many of these i n d i v i d u a l s were occupational ly
exposed to.high level s of asbestos. None of the s tudie s has any direct i n f o r m a t i o n on the
impact of exposures post-1990, much les s of current exposure, on the hea l th of re s ident s
of Libby.



I I I . F i b e r - I n d u c e d Disease

T h e r e is i n c o n t r o v e r t i b l e evidence that p r o l o n g e d exposure to ei ther natural or man-made
f i b e r s is a s soc iated wi th increased inc idence of l u n g cancer, m e s o t h e l i o m a and non-
m a l i g n a n t r e sp i ra t ory di sease . W h i l e t h e e p i d e m i o l o g i c a l ev idence i s s t ronge s t f o r
asbe s to s , there i s c o n s i d e r a b l e e x p e r i m e n t a l evidence that all f i b e r s have the same
p o t e n t i a l to cause di s ease . B i o p e r s i s t e n c e is the term used to de scr ibe the l o n g e v i t y of
f i b e r s in t i s sue s , which is de t ermined by the rate at which the f i b e r s are c l eared by
b i o l o g i c a l d e f e n s e sys tems. The mechanisms of f i b e r - i n d u c e d d i s ea s e are not we l l
under s tood but there appear s to be broad consensus that the b i o p e r s i s t e n t l o n g t h i n f i b e r s
are the most t o x i c (see M o o l g a v k a r et al, 2001, for a br i e f review).

The importance of f i b e r l e n g t h and b i o p e r s i s t e n c e i s recognized by r egu la t ory agenc i e s ,
such as the European Commis s ion ( E C ) . In 1997 the EC issued a d i r e c t i v e r e g a r d i n g the
l a b e l i n g of f i b e r s as p o t e n t i a l carcinogenic hazards. F i b e r s c ou ld be e x e m p t e d f r om the
requirement to be l a b e l e d as carcinogens if t e s t i n g in animal s by i n h a l a t i o n showed that
f i b e r s longer than 20 microns had a weighted h a l f - l i f e of l e s s than 10 days. T h u s all l o n g
th in f i b e r s have the p o t e n t i a l to cause disease. Long th in f i b e r s of a m p h i b o l e asbestos are
among the more t ox i c f i b e r s because they are cleared o n l y s l o w l y f r om t i s su e s , i.e., they
are h i g h l y b i op er s i s t en t . Prolonged exposure to high concentrations of such f i b e r s ,
whether oc cupat ional or environmental, can lead to mal ignant and non-malignant disease.

The United S t a t e s Environmental Protection Agency (EPA) has po s t ed an I n h a l a t i o n Unit
Risk number for asbestos in its Integrated Risk I n f o r m a t i o n S y s t e m (IRIS), which is the
a g e n c y ' s best estimate o f the l i f e - t i m e carcinogenic po t ency o f asbestos for continuous
exposure to 1 f i b e r / m l from birth. One of the a l l e g a t i o n s that the Denver regional o f f i c e
of EPA appears to make is that the Libby f i b e r s are p a r t i c u l a r l y po t en t and that risks
posed by these f i b er s are higher than would be estimated by a p p l i c a t i o n of the Unit Risk
(UR) in IRIS. I have examined the ava i lab l e data , i n c l u d i n g the p u b l i s h e d
e p i d e m i o l o g i c a l s t u d i e s (Amandus et al, 1986; McDonald et al, 1986; McDonald et al,



2002) and f i n d no evidence that the L i b b y f i b e r s are any more p o t e n t than other
a m p h i b o l e s . I d i s cu s s this in d e t a i l below.

The o ther issue of impor tance i s the c on t r i bu t i on made by expo sure s a f t e r 1990, when the
m i n i n g o p e r a t i o n was shut down, to the burden of a s b e s t o s - r e l a t e d d i s e a s e and l u n g
impairment in Libby. The l eve l o f environmental e xpo sure to L i b b y t r e m o l i t e a f t e r the
s h u t t i n g down of mining o p e r a t i o n s is be ing addre s s ed in the exper t r epor t s of Drs.
Ander son and Lee. I have examined the s t u d i e s c onduc t ed by the A g e n c y for T o x i c
S u b s t a n c e s and Dose Regi s try (ATSDR), and Dr. W h i t e h o u s e and it is my o p i n i o n that
these s tud i e s cannot addre s s t h i s issue. All i n d i v i d u a l s e n r o l l e d in the s e s t u d i e s were
e xpo s ed prior to 1990 and, given the l ong l a t e n t period of a s b e s t o s - r e l a t e d d i s ea s e , it i s
i m p o s s i b l e to say what c on t r i bu t i on , if any, expo sure p o s t - 1 9 9 0 made to t h e i r r epor t ed
d i s ea s e or impairment . T h i s issue is a l s o d i s c u s s e d in d e t a i l below.

I V . E P A ' s U n i t Risk f o r A s b e s t o s C a r c i n o g e n e s i s

In 1986, the U. S. Environmental P r o t e c t i o n A g e n c y (EPA) p u b l i s h e d a report , Airborne
A s b e s t o s H e a l t h Asse s sment U p d a t e ( E P A 1986), which c r i t i c a l l y evaluated t h e s c i e n t i f i c
asbestos l i t erature a v a i l a b l e at that time. Among other th ing s , the report e s t ima t ed the
f r a c t i o n a l increased risk of lung cancer and me so the l i oma per unit exposure of asbestos.
The bases for the lung cancer potency es t imate were 10 e p i d e m i o l o g i c a l s tud i e s of
workers in the t e x t i l e produc t ion, f r i c t i o n produc t s manufac tur ing, i n s u l a t i o n p r o d u c t i o n ,
and mixed product manufacturing or use industries . The bases for the meso the l ioma
po t ency estimate were 4 of those s tudie s for which s u f f i c i e n t da ta exi s ted to a l l ow for the
es t imation of duration and in t en s i ty of asbestos exposure, a d j u s t e d by the r e su l t s of
several of the other studies. The report ca l cu la t ed risk by life tab l e methods using a
re la t ive risk model for lung cancer and an ab s o lu t e risk model for mesothel ioma.

In 1993, EPA p u b l i s h e d an I n t e g r a t e d Risk I n f o r m a t i o n system (IRIS) p r o f i l e (EPA
1 9 9 3 ) on asbestos, which prov ided an e s t imate of the i n h a l a t i o n unit risk of 0.23 per
(f/ml). T h i s value can be in t e rpr e t ed as f o l l o w s . A cohort of 100,000 i n d i v i d u a l s e xpo s ed



c on t inuou s ly to a constant concentration of 1 f i b e r / m l of asbe s to s f r o m bir th would
experience 23,000 extra lung cancer or me s o th e l i oma d ea th s due to the exposure. The
1986 EPA report d e a l t with o c cupa t i ona l exposure to asbestos. In order to derive the
value in the IRIS p r o f i l e the EPA a d j u s t e d for the q u a n t i t y of f i b e r that a per son cou ld be
e x p e c t e d to inhale under environmental c o n d i t i o n s . Because the unit risk va lu e was based
on f i b e r counts made by phase contrast mi cro s copy (PCM), the IRIS p r o f i l e warns
against a p p l y i n g it d i r e c t l y to measurements made by other a n a l y t i c a l t e chnique s , such as
e l e c tron microscopy. S i n c e PCM d e t e c t s o n l y f i b e r s l onger than 5 microns in l e n g t h and
wider than 0.4 microns in w i d t h , t h i s p u t s a p r a c t i c a l lower l i m i t upon the d i m e n s i o n s of
f i b e r s that w i l l be in c luded in a risk c a l c u l a t i o n u s ing the EPA p o t e n c y f i g u r e . The IRIS
p r o f i l e also s ta t e s that PCM measurements made in c o n d i t i o n s where f i b e r s o ther than
asbestos are present may not be r e l i a b l e .

It is important to bear in mind that , as described above, the EPA unit p o t e n c y va lue of
0.23 per (f/ml) was derived f rom a number of e p i d e m i o l o g y s t u d i e s that spanned d iver s e
indus tr i e s where d i f f e r e n t type s of asbestos f i b e r s were used. Furthermore , the
dimensional characteris t ic s of the f i b e r s were not taken e x p l i c i t l y into c o n s i d e r a t i o n in
deriving the po t ency value. At best, th i s f i g u r e shou ld be considered as be ing
representat ive of asbestos t o x i c i t y in the large and not r e f l e c t i v e of the unique
characteris t ics of a s p e c i f i c type of asbestos f i b er .

V. O c c u p a t i o n a l Cohort S t u d i e s o f L i b b y F i b e r s and Cancer M o r t a l i t y

A d d i t i o n a l studies have been pub l i sh ed that provide i n f o r m a t i o n about the risk to humans
who inhale Libby f ibers . In the f o l l o w i n g paragraphs we review these s tud i e s with an eye
to d e v e l o p i n g a unit potency value that r e f l e c t s the s p e c i f i c characteri s t ic s of L i b b y
f ibers .



T h e Amandus S t u d i e s

In 1982, th e N a t i o n a l I n s t i t u t e o f Occupat ional S a f e t y and H e a l t h i n i t i a t e d s t u d i e s o f t h e
environmental exposures , and m o r t a l i t y and m o r b i d i t y of e m p l o y e e s who were e m p l o y e d
at the L i b b y , Montana site. In 1987, Amandus et al. p u b l i s h e d three p a p e r s ( A m a n d u s et
al a, b , c) d e a l i n g wi th various aspec t s o f th i s i n v e s t i g a t i o n . The f i r s t p a p e r d e a l t w i t h
e s t i m a t i n g t h e t ime-we igh t ed average (TWA) f i b e r exposure f o r each j o b in t h e L i b b y
f a c i l i t y and character iz ing the t y p e and d imens ion of f i b e r s in the v e r m i c u l i t e . The t h i r d
p a p e r e s t imated t h e exposure-re sponse r e l a t i o n s h i p f o r r a d i o g r a p h i c f i n d i n g s f r o m
e s t ima t e s of cumula t iv e exposure. It is the second p a p e r , ( A m a n d u s et al. 1987b) in
which the exposure-response as sociat ion between c u m u l a t i v e e xpo sur e and m o r t a l i t y was
e s t i m a t e d , to which I turn my a t t en t i on.

Amandus et al. s tudied a cohort of 575 men hired prior to 1970 and e m p l o y e d at l eas t 1
year at the Libby site. Death c e r t i f i c a t e s were obtained for 159 of the 161 men in t h i s
cohort who d i e d , from which the under ly ing cause of death was coded. U s i n g e s t i m a t e s
of the TWA f i b e r exposure for each job (Amandus et al. 1987b), the authors d e v e l o p e d
for each person in the cohort an es t imate of cumulative exposure.

Man-years at risk of dying were accumulated f rom date of hire to December 31, 1981 or
to date of death for those who died b e f o r e that date. In th i s manner, the cohort contr ibuted
13,502 man-years of f o l l o w - u p . Using U . S . dea th s rates as the s tandard, S t a n d a r d i z e d

M o r t a l i t y Ratios (SMRs) were computed and t e s t s for s t a t i s t i c a l s i g n i f i c a n c e e m p l o y e d to
determine whether the SMRs were s i g n i f i c a n t l y d i f f e r e n t f rom 100. The authors f ound
that the SMR was s i g n i f i c a n t l y increased for lung cancer (SMR = 223) and nonmalignant
respiratory disease (NMRD) (SMR = 243) but not for other s e l e c t ed causes of death. For
reference, an SMR of 100 would indicate no increase in disease. T h u s the analyses in
Amandus et al indicated that the risk of lung cancer was increased 2.23 f o l d and that of
NMRD 2.43 f o l d over the general US p o p u l a t i o n . The S M R s for various cumulat ive
exposure categories (<50, 50-99, 100-399, and >399 f / m l . y r s ) showed e l evated l e v e l s for
l ung cancer and NMRD, but s t a t i s t i c a l s i g n i f i c a n c e was achieved o n l y at the >399



f / m l . y r s cumula t iv e exposure for lung cancer and the <50 and >399 f 7 m l . y r s c u m u l a t i v e
exposure l e v e L f o r NMRD.

A non-thre shold l inear regression model was f i t t e d to the S M R s for lung cancer in each
of the f our exposure categorie s described above. The authors found that the s l o p e o f the
regression l ine ( p o t e n c y ) for the subset of the cohort c o n s i s t i n g of workers w i th over 20
years of l a t e n c y was 0.0058. N o t e that the f i g u r e s quoted here are o n e - h u n d r e d t h of the
ones given in the paper to make them cons i s t en t wi th the way po t enc i e s are used in the
IRIS document. T h a t is every f / m l . y r increase in exposure l e a d s to a 0.58 % increase in
l u n g cancer risk. In t a b l e s be low I show how thi s risk and risks e s t imat ed f r om the
McDonald s t u d i e s (see b e l o w ) t r a n s l a t e into unit risks (URs) for asbe s to s as d e f i n e d in
IRIS. The URs thus obtained p r o v i d e a direct compari son o f the p o t e n c y o f the L i b b y
f i b e r s wi th the po t ency of the f i b e r s used to derive the UR in IRIS.

T h e McDonald S t u d i e s

A complementary l ine of research to the NIOSH inve s t i ga t i on s was undertaken by
McDonald et al., at the invitation of WR Grace, to assess the heal th e f f e c t s of working in
the Libby vermicul i t e mine. The r e su l t s were reported in four p u b l i c a t i o n s d e a l i n g
r e s p e c t i v e l y with a cohort mor ta l i ty s tudy, a cross sectional radiographi c survey, an
inve s t igat ion of asbestos bodies in sputum, and an electron microscopic analys i s of l u n g
t i s sue sampl e s at necropsy from ex-employees. The f ir s t of these s tudies , the cohort
morta l i ty s tudy (McDonald et al, 1986), is most relevant to the question of deriving of a
UR value for Libby f ibers . A fifth s tudy (McDonald et al, 2002) report ing further f o l l o w -
up of the mortal i ty cohort has recently appeared and will also be discussed.

The cohort s tudy consisted of all male workers who were employed at Libby b e fore
January 1, 1963 for a period of at least 1 year. Of the 406 men who met these criteria, 226
were alive on July 1, 1983 and 165 reported dead. Another 14 men were known to be
l i v ing on December 31, 1981 but their subsequent status was unknown. The cause of
death was coded f r om death c e r t i f i c a t e s obtained for 163 of the 165 men who died.



Exposure e s t imate s were made, as in the Amandus et al. s t u d i e s , by e s t i m a t i n g p r e v a i l i n g
f i b e r concentrat ions at work l o c a t i o n s and, through work h i s t or i e s , the c u m u l a t i v e
expo sure of each i n d i v i d u a l in the cohort.

S M R s were computed by comparing m o r t a l i t y of the t o t a l cohort wi th that of wh i t e men
in the Uni t ed S t a t e s and Montana d e a t h rates. The authors f o u n d a s u b s t a n t i a l excess
number of d e a t h s f r o m r e sp i ra t ory cancer (SMR = 245) and f r o m NMRD (SMR = 2 5 5 ) .
U s i n g Montana d ea th rates instead o f U. S. national d ea th rates increased the SMR for
re sp ira tory cancer to 303. A non-threshold l inear regression model was f i t t e d to the
S M R s for r e sp ira tory cancer in f o u r exposure categorie s among the subcohort of workers
wi th at least 20 years of la t ency . The e s t imat e of the s l o p e of the regression l i n e ( p o t e n c y )
was reported to be 0.013, which is quite a bit higher than that reported by Amandus . I
have rerun the regression analyses on the d a t a pre s ent ed in M c D o n a l d et al and am
unable to reproduce th i s result . The r e su l t s of my analyse s are pre s en t ed below in t a b l e 1.

A l t h o u g h there is c on s iderab l e ov er lap in the cohorts considered by Amandus and
M c D o n a l d , the re su l t s of analyses are somewhat d i f f e r e n t with McDonald r e p o r t i n g a
s u b s t a n t i a l l y larger regression c o e f f i c i e n t . M c D o n a l d e t al . a t tr ibu t e these d i f f e r e n c e s to
(1) d i f f e r e n t a l though o v e r l a p p i n g cohorts; (2) criteria f o r inc lu s ion in t h e cohorts; (3)
i n t e r p r e t a t i o n of the exposure data; and (4) cod ing of the death c e r t i f i c a t e s . There cou ld
be other reasons as wel l for these d i f f e r e n c e s . For SMR computa t i on s , M c D o n a l d et al.
used Montana death rates as the s tandard, whereas Amandus et al. used the U . S . death
rates. Furthermore, the exposure categories considered by the two groups of inve s t iga tor s
were d i f f e r e n t . F i n a l l y , while Amandus et al used lung cancer (ICD codes 162 and 1 6 3 )
for their SMR analyses, McDonald et al used respiratory cancer (ICD codes 160-163).

In a recent ly p u b l i s h e d paper, McDonald et al (2002) extended their analyses to m o r t a l i t y
in the cohort through 1999. The SMR for respiratory cancers with the ex tended f o l l o w - u p
was reported to be 240, which is v i r tua l ly iden t i ca l to that reported in the earlier



p u b l i c a t i o n . No regression analyse s were reported in t h i s paper . H o w e v e r , I pre s ent some
r e s u l t s of my own analyse s below.

V I . Regre s s i on A n a l y s e s o f t h e M c D o n a l d S t u d i e s

I note that in the Amandus et al and M c D o n a l d et al s t u d i e s the l inear regres s ion a n a l y s i s
was p e r f o r m e d on a subset of the original cohort, c o n s i s t i n g of workers w i t h 20 or more
years of la t ency. S u c h regression analys e s cou ld be p e r f o r m e d on the en t i r e cohort as
w e l l , but are not reported in those p a p e r s . W h i l e the Amandus et al p a p e r r epor t s S M R s
for l ung cancer in f o u r broad exposure group s , it does not report the average expo sure s in
each of these groups , which are required for regres s ion analyses . T h u s I c ou ld not run any
new regression analyses on the d a t a in Amandu s et al. The r equ i s i t e i n f o r m a t i o n is
p r o v i d e d in the M c D o n a l d et al p a p e r , however, and I ran a number of regression
analyse s on the S M R s for r e sp i ra t ory cancer on the d a t a pr e s en t ed in that p a p e r on both
the f u l l cohort and on the subcohort of i n d i v i d u a l s wi th l a t e n c y greater than 20 years. I
then used the r e su l t s of these analyses to c omput e the associated Uni t Risks (URs). The
computed URs ind i ca t e that the L i b b y f i b e r s are no more t ox i c than the f i b e r s that went
into the c o m p u t a t i o n of the EPA UR of 0.23.

S i n c e smoking is a strong risk f a c t o r for l ung cancer with which asbestos interac t s
m u l t i p l i c a t i v e l y , i t i s important, i f p o s s i b l e , to a d j u s t for smoking when examining the
association between asbestos and lung cancer. The prevalence of smoking was e x t r eme ly
high in the Libby occupational cohort. Amandus et al report that a p p r o x i m a t e l y 80% of
the workers, were smokers, and s tate s that the risks e s t imate s for asbestos may be biased
upwards because of this f a c t . U s i n g the e s t imate mentioned in Amandus et al of
prevalence of smoking in the general male p o p u l a t i o n of 67%, I used a crude procedure
sugge s t ed by Amandus et al ( 1 9 8 7 a ) to a d j u s t the S M R s in McDonald et al and
p e r f o r m e d regression analyses on these a d j u s t e d S M R s as wel l . The e s t imated lung
cancer po t enc i e s ( s l o p e s o f the regression l i n e s ) for a d j u s t e d and smok ing-ad ju s t ed S M R s
are shown in t a b l e 1 below. The po t ency used by the EPA and the po t ency from the
Amandus et al paper are a l so i n c l u d e d for comparison. We note that all e s t imat ed



pot enc i e s in the Amandus and M c D o n a l d cohorts are l e s s than 0.01, the p o t e n c y in the
EPA 1986 document, which was used in IRIS to d e v e l o p the UR. It f o l l o w s that the UR
for the Libby f i b e r s w i l l , of nece s s i ty, be l e s s than the UR of 0.23 pre s en t ed in IRIS. The
c ompu t ed URs are shown in tab l e 3.

T a b l e 1 : Potenc i e s (regression s l o p e s , KL) f o r l u n g cancer f rom E P A , th e A m a n d u s
subcohort with la t ency greater than 20 years, the entire M c D o n a l d cohort and the
subcohort with l a t e n c y greater than 20 years. NA = not a d j u s t e d for smok ing; A =
a d j u s t e d f o r smoking.
EPA
( 1 9 8 6 )

0.01

M c D o n a l d et al. ( 1 9 8 6 )

Entire cohort
NA A

0.0075 0.0058

Sub-cohort
NA A

0.0096 0.0075

M c D o n a l d et al.
( 2 0 0 2 )

Sub-cohor t
NA A

0.0056 0.043

Amandus et al.
( 1 9 8 7 )

Sub-cohor t
NA A

0.0058 *
* C o u l d not be c a l c u l a t e d from data in paper .

V I I . Deve l opmen t o f U n i t Risk V a l u e s f o r L i b b y F i b e r s

I w i l l use the procedure f o l l o w e d in IRIS to compute the U n i t Risks a s soc ia t ed with the
various po t enc i e s for lung cancer (KL) pre sented in t a b l e 1. The EPA d e v e l o p s a Uni t
Risk for cancer in the f o l l o w i n g s teps .
1. Es t imate po t ency for lung cancer (KL) from the t o t a l i t y o f ava i lab l e o c c u p a t i o n a l

cohort studies. The EPA estimates that KL = 0.01.
2. Estimate potency for mesothel ioma (KM) from the occupational cohort s tudie s . The

EPA estimates that K = 10"8. The background rate of meso the l ioma is assumed to be
0, and the incidence of mesothel ioma in exposed p o p u l a t i o n s is assumed to increase
as a cubic with a la t ency of 10 years.

3. A d j u s t these po t ency numbers to account for the d i f f e r e n t amounts of air inhaled by a
person o c c u p a t i o n a l l y exposed (10 cu m per 8-hour day, or 50 cu m per week) and a
person environmental ly exposed (20 cu m per 24-hour day, or 140 cu m per week).
The a d j u s t m e n t f a c t o r is thus 2.8 ( 1 4 0 / 5 0 ) .
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4 . U s e these a d j u s t e d e s t ima t e s o f K L a n d K M a l o n g w i th l i f e t a b l e s f o r male a n d f e m a l e
m o r t a l i t y tg e s t ima t e the excess (over b a c k g r o u n d ) risks of l u n g cancer and
m e s o t h e l i o m a in male and f e m a l e p o p u l a t i o n s for c o n t i n u o u s exposure f r om birth to
1 f i b e r / m l .

5. A w e i g h t e d average of t o t a l cancer excess risks in male s and f e m a l e s is an e s t i m a t e of
the U n i t Risk.

The EPA procedure r e s u l t s in the f o l l o w i n g t a b l e , which i s a d a p t e d f r o m t a b l e 6-3 in EPA
( 1 9 8 6 ) .

T a b l e 2: L i f e t i m e excess risk per ( f i b e r / m l ) , al so known as U n i t Risk.

M e s o t h e l i o m a risk
Lung cancer risk
T o t a l risk

M a l e

0.129
0.114
0.242

F e m a l e

0.184
0.035
0.219

C o m b i n e d
( w e i g h t e d average)

0.157
0.074
0.230

A d a p t e d f r om EPA 1986
K L = 2 .8x0.01; K M = 2 . 8 x 1 0 ' 8

Columns may not add up because of r o u n d o f f

I used the same procedure to e s t imate Uni t Risks associated with the range of p o t e n c i e s
for l ung cancer (KL) presented in t a b l e 1. Because neither Amandus et al. nor M c D o n a l d
et aJ. derived mesothe l ioma rates, this t a b l e maintains the meso the l ioma rates used by
EPA in its derivation of the IRIS Unit Risk value. However, it is reasonable to assume
that KM, the; mesothelioma constant, would change by the same m u l t i p l e as KL, the lung
cancer potency (i.e., KL/KM would remain constant over the d i f f e r e n t s tudie s). In f a c t ,
EPA in its 1986 analysis derived a common value for this ratio that it used to derive the
mesothe l ioma unit po t ency fac tor . The r e su l t ing Unit Risks are shown in tab l e 3
(combining sex). The t a b l e shows the e f f e c t both of using the EPA meso the l ioma po t ency
and of a d j u s t i n g the me so th e l i oma po t ency so that the ratio KL/KM is constant. S i n c e I
was not able to r e ca l cu la t e linear regression f i g u r e s from the Amandus et al. s tudy, on ly
the e f f e c t o f a d j u s t i n g for me so th e l i oma i s shown for that s tudy.
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The m u l t i p l i c i t y o f e s t imat e s o f Uni t Risk shown in t a b l e 3 may a p p e a r c o n f u s i n g at f i r s t
glance. The range of numbers is meant to show, however, that many d i f f e r e n t ways of
c a l c u l a t i n g Unit Risk al l y i e ld numbers that are l e s s than the Uni t Risk in IRIS. The
highes t Uni t Risks in t a b l e 3 are obtained wi th no a d j u s t m e n t for smoking and no
a d j u s t m e n t f o r m e s o t h e l i o m a po t ency . T h e s e e s t i m a t e s a lmo s t c e r t a i n l y ov er- e s t ima t e t h e
Unit Risk. N o t e that a d j u s t m e n t for smoking means that the p o t e n c y for l u n g cancer has
been a d j u s t e d to account for the f a c t that the L i b b y o c c u p a t i o n a l cohort conta ined a much
higher p r o p o r t i o n of smokers than the general p o p u l a t i o n f r o m which the contro l rates
were drawn f o r c o m p u t a t i o n o f S M R s . N o t a d j u s t i n g f o r t h i s d i f f e r e n c e i n s m o k i n g h a b i t s
r e s u l t s in an upward bias of the l ung cancer p o t e n c y of L i b b y asbes tos and, as a
consequence, an upward bias in the U n i t Risk. The one l e s s on to be taken away f r o m
t a b l e 3 is that even under the most conservative a s s u m p t i o n s the U n i t Risk for L i b b y
f i b e r s is no higher than the U n i t Risk pre s en t ed in IRIS.

T a b l e 3: Summary of Unit Risks derived f rom the p o t e n c i e s in t a b l e 1. NMA (no
meso the l ioma a d j u s t m e n t ) : Unit Risk c a l c u l a t e d us ing the p o t e n c y value for
mesothel ioma given by E P A ; MA ( m e s o t h e l i o m a a d j u s t e d ) : Unit Risk c a l c u l a t e d by
a d j u s t i n g the mesothel ioma po t ency as described in the text

A d j u s t e d f o r
smoking
N o t a d j u s t e d
for smoking

McDonald et al. ( 1 9 8 6 )

Entire cohort

N M A
0.199

0.212

MA
0.134

0.173

Sub-cohort (>20
y r e x p )
N M A
0.212

0.227

MA
0.173

0.221

M c D o n a l d et al.
(2002)

Sub-cohort (>20
y r e x p )

N M A
0.188

0.198

MA
0.099

0.129

Amandus et al.
( 1 9 8 7 )

Sub-cohor t (>20
y r e x p )

N M A
*

0.199

MA
*

0.136

could not be ca l cu la t ed with data p u b l i s h e d in p a p e r
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V I I I . C o n c l u s i o n s R e g a r d i n g Cancer P o t e n c y o f L i b b y F i b e r s

I c o n c l u d e that the Amandus et al. and the reanalyzed M c D o n a l d et al. s t u d i e s p r o d u c e
risks that are s imi lar to, but g e n e r a l l y lower than, the EPA U n i t Risk value r epor t ed in
IRIS. The range f r o m lowest to h ighes t U n i t Risk values is about 2, which is not
unexpected in view of the large uncertainties involved in any analys e s of t h i s type . T h e s e
d a t a s t r o n g l y i n d i c a t e that Libby f i b e r s are not any more t o x i c than the f i b e r s c ons idered
by EPA in d e v e l o p i n g i t s IRIS Unit Risk value. To the contrary, the d a t a s ugge s t t h a t the
L i b b y f i b e r s could have a Unit Risk l e s s than o n e - h a l f o f the v a l u e given in IRIS.
Moreover, these c o m p u t a t i o n s are conservative. T h e r e is c l ear i n d i c a t i o n in bo th the
Amandus and the M c D o n a l d da ta that the e xpo sur e-r e spon s e r e l a t i o n s h i p for S M R s i s
non-linear, s u g g e s t i n g that the risks at lower, env ironmenta l , l e v e l s is l e s s than w o u l d be
inferred f rom the linear regression. The non-linearity of an exposure-re sponse
r e l a t i o n s h i p for lung cancer S M R s is s u p p o r t e d by a recent comprehens ive and c r i t i c a l
review of the e p i d e m i o l o g i c a l s t ud i e s of asbestos and l u n g cancer ( H o d g s o n and Damton,
2000).
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I X . T h e A g e n c y f o r T o x i c S u b s t a n c e s a n d Disease R e g i s t r y ( A T S D R ) S t u d i e s

In re sponse to concerns about asbes tos exposure and it s h e a l t h consequences the ATSDR
undertook two s tud i e s in the Libby area in the l a t e 1990s. One was a m o r t a l i t y s t u d y ,
which used s tandard e p i d e m i o l o g i c a l procedures to i n v e s t i g a t e whether m o r t a l i t y f r o m
s p e c i f i c causes known to be associated with asbestos exposure was e l eva t ed in the L i b b y
area. The second was a r a d i o g r a p h i c s t udy of over 6,000 current or f o rmer r e s i d e n t s of
the L i b b y area. W h i l e his torical exposures to a sbe s to s , b e f o r e the c l o s i n g o f m i n i n g
opera t i ons in 1990, were high the crucial issue here is if, and to what e x t e n t , e x p o s u r e s
po s t -1990 contributed to the burden o f a sbe s t o s-re la t ed d i s ease in Libby. The ATSDR
stud i e s cannot addres s this issue as I d i s cu s s in more d e t a i l below.

T h e A T S D R M o r t a l i t y S t u d y

The ATSDR undertook a s t u d y of m o r t a l i t y f rom s p e c i f i c causes in the L i b b y area over
the 20-year period 1978-1998. Numbers of deaths f rom s p e c i f i c causes were compared
with numbers that would be expec t ed under national and Montana death rates. S t a n d a r d
e p i d e m i o l o g i c a l and s t a t i s t i c a l techniques were used to compute SMRs and their
c o n f i d e n c e intervals. Given the asbestos exposure in this p o p u l a t i o n the main cancers of
interest were lung cancer and mesothelioma.

The A T S D R reports a small non-s igni f i cant increase in lung cancer dea th s w i th in L i b b y
C i t y and the extended Libby area using Montana death rates as the s tandard. W i t h US
death rates as the standard, no increase in lung cancer deaths is reported. T h i s f i n d i n g is
surprising in view of the fa c t that S M R s were s i g n i f i c a n t l y increased in the o c cupat ional
cohorts s tudied by Amandus and M c D o n a l d , and sugge s t s that lung cancer may a c t u a l l y
be decreased in res idents of Libby who did not work at the mine. In any case, the number
of lung cancer deaths over the period of the s tudy o f f e r s no evidence that environmental
exposures e i ther pre- or pos t-1990 contributed to the lung cancer m o r t a l i t y in the area.
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The ATSDR reports f o u r cases of m e s o t h e l i o m a over the period of the s tudy. S i n c e the
background rate of me so the l ioma is c lose to zero, thi s number p o i n t s to a s i g n i f i c a n t
e l eva t i on of risk in the L i b b y area. However , f o u r cases of me so th e l i oma are i d e n t i f i e d in
the M c D o n a l d o c cupa t i onal cohort, and it seems h i g h l y l i k e l y that these are the cases
i d e n t i f i e d by ATSDR. T h u s , the cases in ATSDR can, in all l i k e l i h o o d , be e x p l a i n e d on
the basis of occupational exposure. As in the case of l u n g cancer, this s tudy o f f e r s no
evidence that environmental exposure ei ther pre- or p o s t - 1 9 9 0 contributed to
meso th e l i oma dea th s in the Libby area.

I am aware that a number of a d d i t i o n a l cases of m e s o t h e l i o m a have been repor t ed beyond
those f o u n d in the ATSDR or M c D o n a l d ( 1 9 8 6 ) s t ud i e s . I have reviewed A t t a c h m e n t 38
to EPA's l e t t e r o f J u n e 4, 2002 that p r o v i d e s the names of 19 p e o p l e (there i s some
ambigui ty about the exact count) who r e p o r t e d l y have me so th e l i oma. Of t h i s number, six
are l i s t e d as "not a worker," which I assume means that they were not o c c u p a t i o n a l l y
expo s ed . However, no f u r t h e r i n f o r m a t i o n is given about the c ond i t i on s of the ir
exposure. McDonald (2002) reports 8 a d d i t i o n a l cases of me so the l ioma dea th s since July
1983 bringing his to tal to 12 workers, cases that were l i k e l y cited in Attachment 38. In
any case, these f i n d i n g s do not shed any a d d i t i o n a l l i g h t on whether po s t-1990 exposure
contributed to mesothel ioma deaths in the L i b b y area.

Among the causes of death other than cancer, of most interest are the non-malignant
respiratory diseases (NMRD), p a r t i c u l a r l y asbestosis. Eleven deaths f rom
pneumoconioses are reported over the period of the study. All of these are l a b e l e d
asbestosis in the ATSDR report, a l though it is not clear how this d iagno s i s was v e r i f i e d .
Jji any case, the SMR is reported to range between 36 and 47 ( d e p e n d i n g on the
geographic area of analys i s) using the Montana rates as the s tandard, and between 60 and
75 using the US rates as the standard. C l e a r l y the Montana rates are the a p p r o p r i a t e rates
to use for this p o p u l a t i o n . N o n e t h e l e s s , it is clear that deaths f rom asbestosis are
s i g n i f i c a n t l y e l evat ed . Of note, however, is the f a c t that 10 of the 11 deaths were among
male s s u g g e s t i n g s t rong ly that o c cupat ional exposures were involved in these deaths .
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T h e r e is l i t t le evidence that environmental exposure s were involved in the dea th s from
asbe s to s i s .

In c onc lu s i on , there is l i t t l e evidence that environmental exposure to asbes tos contributed
to the d e a t h s f r om re sp ira tory cancer, m e s o t h e l i o m a and a sbe s t o s i s in the L i b b y area.

T h e A T S D R M e d i c a l T e s t i n g S t u d y

The ATSDR issued a report in Augus t 2001 on the medical t e s t i n g of i n d i v i d u a l s in the
L i b b y area. The bu lk of the report d e a l s with the f i n d i n g s of a r a d i o g r a p h i c s t u d y on
volunteer s who had l ived in the L i b b y area for at l ea s t six months prior to 1990. T h u s ,
every s u b j e c t in the s t udy was e i ther o c c u p a t i o n a l l y or e n v i r o n m e n t a l l y expo s ed to
asbes tos prior to the c l o s i n g of the mine in 1990.

M u l t i v a r i a t e l o g i s t i c regression analyses were conducted to examine the as soc iat ion of
covariates such as age, gender, smoking habi t s , body mass index (BMI) and, most
i m p o r t a n t l y , exposure to asbestos. A number of covariates were found to be s i g n i f i c a n t l y
associated with radiographic abnormali t i e s i n c l u d i n g age, gender, and smoking habits.
W i t h respect to asbestos exposure, a c t i v i t i e s that could have led to s i g n i f i c a n t exposures
were also found to be s i g n i f i c a n t l y associated with radiographic abnormalities. T h u s the
strongest risk f a c t o r for rad iographi c abnormal i t i e s was being a former WRG worker.
' R e c r e a t i o n a l ' exposures to asbestos that could have re sul t ed f rom ac t iv i t i e s such as
vermiculi te p o p p i n g were also associated with radiographic changes.

A l t h o u g h the s tudy s u f f e r s f rom such l i m i t a t i o n s as the s e l f - s e l e c t e d s tudy cohort, the
s t a t i s t i c a l analysis appears to be appropr ia t e . Overal l , however, from this s tudy it is
i m p o s s i b l e to assess the contribution that environmental exposure a f t e r 1990 made to the
rad iographi c f i n d i n g s reported because one of the criteria for inclusion in the s tudy was
residence in Libby for at least 6 months prior to December 1990.
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The r a d i o g r a p h i c s t u d i e s conduc t ed by Amandus et al ( 1 9 8 7 ) and M c D o n a l d et al ( 1 9 8 6 )
are relevant t o j h i s d i s c u s s i o n . The r e s u l t s o f the s e s t u d i e s c l e a r l y i n d i c a t e t h a t , when
r a d i o g r a p h i c e n d - p o i n t s are c on s id er ed , there i s l i t t l e evidence to s ugge s t that L i b b y
f i b e r s are any more t ox i c than other asbes tos f i b e r s .

X . T h e W h i t e h o u s e S t u d y
( A s b e s t o s R e l a t e d P l e u r a l Disease due t o T r e m o l i t e Cause s Progre s s iv e Loss o f Lung
F u n c t i o n by A. C. W h i t e h o u s e )

E P A ' s J u n e 4 , 2002 response t o G r a c e ' s comments o n t h e A d m i n i s t r a t i v e Record s t a t e s
t h a t , "...a s t u d y be ing prepared for p u b l i c a t i o n by Dr. A l a n W h i t e h o u s e f o u n d
s t a t i s t i c a l l y s i g n i f i c a n t progre s s ive l o s s o f l u n g f u n c t i o n among 67 p a t i e n t s f r om L i b b y
with on ly a s b e s t o s -r e la t ed p l e u r a l a b n o r m a l i t i e s i d e n t i f i e d on e i th er chest x-ray or CT
scan."

EPA's comment is incorrect. What Dr. W h i t e h o u s e reported i s that 67 of 123 p a t i e n t s
who cons t i tu t ed the s tudy p o p u l a t i o n had no evidence of any i n t e r s t i t i a l di sease i d e n t i f i e d
on chest x-ray or high resolut ion CT scanning. Dr. W h i t e h o u s e purpor t s to have f o u n d , as
far as I could de c ipher f rom the Draf t Report, a s t a t i s t i c a l l y s i g n i f i c a n t annual lo s s of l u n g
f unc t i on , based on the average of the d i f f e r e n c e between initial and f i n a l pulmonary
f unc t i on measurements taken on 123 pa t i en t s .

I can only surmise that the Whit ehous e d r a f t report represents the earliest s tage of the
"study being.prepared for publication." The r e su l t s reported are v i r t u a l l y uninterpre tab l e ,
at least with respect to the pr inc ipa l question of interest , namely is d e c l ine in pulmonary
f u n c t i o n associated with asbestos exposure in a dose dependent way. I h i g h l i g h t some of
the major d e f i c i e n c i e s of the paper , which I s t r ong ly bel ieve w i l l have to be s i g n i f i c a n t l y
revised b e f or e it is ac c ep tab l e for p u b l i c a t i o n in a re spec t ed peer-reviewed j ourna l .

1. The analyses are i n a p p r o p r i a t e and do not e x p l o i t the f a c t that ind iv idua l level
l o n g i t u d i n a l data are ava i lab l e . A better way to analyze these data would be to consider
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each indiv idual ' s r e sponse s e p a r a t e l y and a d d r e s s the c o rr e la t i on s between consecut ive
r e a d i n g s by us ing standard s t a t i s t i c a l techniques. In p a r t i c u l a r the whole p r o b l e m s h o u l d
have been set up as a regression p r o b l e m in which pu lmonary c a p a c i t y is m o d e l e d as a
f u n c t i o n of t ime d e p e n d i n g on a number of covariates such as age, sex, smoking h i s t o r y ,
o b e s i ty and most i m p o r t a n t l y h i s tory of exposure to asbestos. The c o e f f i c i e n t s of such a
model could be e s t ima t ed u s ing general ized e s t i m a t i n g equat ions ( G E E ) techniques.

2. Because W h i t e h o u s e uses averages, the d e c l i n e in pu lmonary f u n c t i o n , which
W h i t e h o u s e c la ims i s s t a t i s t i c a l l y s i g n i f i c a n t , could we l l be due to a few o u t l i e r s in the
data w i t h the m a j o r i t y o f i n d i v i d u a l s showing l i t t l e or no d e c l i n e in f u n c t i o n exc ep t that
a t t r i b u t a b l e to aging.

3. P e r h a p s most i m p o r t a n t l y as has a l r e a d y been said above W h i t e h o u s e makes no
a t t e m p t to correlate d e c l i n e in pu lmonary f u n c t i o n wi th a sbe s to s exposure in a
q u a n t i t a t i v e f a s h i o n . T h e r e f o r e he cannot c o n c l u d e that the d e c l i n e i s r e l a t e d to exposure ,
much l e s s to exposure received pos t 1990.

4. W h i t e h o u s e reports that he used a S e n s o r m e d i c s model 6200 to do the pu lmonary
f u n c t i o n measurements b e f o r e 1988 and a M e d g r a p h i c s model 1085 since that time. His
report does not give any ind i ca t i on of the number of p a t i e n t s whose init ial and f ina l
measurements were made on d i f f e r e n t machines and whether any a t t e m p t was made to
ca l i bra t e the machines to y i e ld consistent re sul t s .

XI. Overall C o n c l u s i o n s

A review of the l i terature d e a l i n g d i r e c t l y with the f i b e r s f ound at Libby provide s no
evidence that these f i b e r s are any more toxic than those that were considered in the
deve lopment of the IRIS f i l e . None of the s tudie s can d i r e c t l y address the issue of
whether exposures po s t -1990 and, in par t i cu lar , current exposures at Libby pose a
subs tant ial danger to the community. EPA cites no evidence to suppor t its content ion that
the p o p u l a t i o n at Libby is s ens i t i z ed due to prior exposure to asbestos and th e r e f o r e
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p a r t i c u l a r l y s u s c e p t i b l e to a d d i t i o n a l exposures . T h e r e i s n o t h i n g in the l i t e r a t u r e to
sugges t that incremental exposures to asbe s to s act s y n e r g i s t i c a l l y wi th prev iou s
expo sure s to create a risk that is greater than a d d i t i v e . The o n l y way of a s s e s s i n g the risk
posed by current environmental expo sure s at L i b b y is to conduct a sound q u a n t i t a t i v e risk
assessment.
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